The Difco ESP and Organon Teknika BacT/Alert (BTA) systems were evaluated in a clinical study of 5,421 aerobic and 5,035 anaerobic blood cultures. Of 405 clinically significant positive cultures evaluated, 272 grew in both systems, 86 grew in ESP only, and 47 grew in BTA only (P < 0.005). Of 320 organisms detected in aerobic bottles, 208 grew in both systems, 68 grew in ESP only and 45 grew in BTA only (P < 0.05), with Staphylococcus aureus the only organism showing a statistically significant difference. The ESP anaerobic bottle also detected more anaerobes (16 of 17 versus 4 of 17, P < 0.005) and more organisms overall (57 versus 34, P < 0.05). However, with the exception of patients with anaerobic bacteremia (12 of 13 for ESP and 4 of 13 for BTA, P < 0.05), there was no statistical difference in the detection of patient episodes. Average detection time of matched aerobic bottles was 18.3 h for ESP and 22.0 h for BTA (P < 0.001). For matched pairs of anaerobic bottles, the average detection time was faster in the BTA bottles (P < 0.001), because of the growth of facultative organisms. To explore the differences in anaerobic detection more fully, 20 sets of anaerobic bottles were seeded with 12 anaerobic species mixed with human blood. ESP grew more organisms (17 of 20 versus 10 of 20, P < 0.025), and the average time to detection for the 10 paired positive cultures was 21.6 h for ESP and 50.8 h for BTA (P < 0.05). Times for loading and unloading bottles were similar for both systems.
In 1990, Organon Teknika Corp. (Durham, N.C.) introduced BacT/Alert (BTA), a fully automated blood culture system that monitors each blood culture for CO2 production continuously without penetration of the blood culture bottle (12) . In 1992, Difco Laboratories (Detroit, Mich.) introduced ESP 384, another fully automated, continuous-monitoring blood culture system, which monitors changes in the bottle headspace gas pressure (10, 11) . A positive culture is detected when the internal atmospheric pressure of the bottle either increases because of the production of any gas or decreases because of gas consumption. Both BTA and ESP are similar in that they use individual sensors for each blood culture bottle, rely on computer algorithms and data base management programs for system operation, and require no manipulation of the bottles until a positive culture is detected or the full incubation time is completed.
Previous evaluations of BTA and ESP have compared these instruments either with the invasive BACTEC systems (7, 8, 16, 17) or with various manual systems (1, 3, 5, 9) and have demonstrated that they are useful in detecting positive blood cultures. However, these studies tested only the ability of the ESP and BTA systems to detect positive blood cultures and were not capable of comparing the potential advantages of continuous monitoring systems because of the limited reading times of the invasive BACTEC instruments and manual systems. This paper presents the results of the first direct comparison of these two continuous-monitoring blood culture instruments with 5,421 aerobic and 5,035 anaerobic blood cultures collected from adult patients at the University of Michigan Medical Center (UMMC) and at the Veterans Affairs Medical Center in Durham, N.C. (VAMC).
MATERIALS AND METHODS
Blood collection and bottle inoculation. Blood was collected in 20-ml B-D Vacutainer tubes that contained 3.5 ml of sodium polyanethol sulfonate (SPS)-NaCl solution (Becton Dickinson, Rutherford, N.J.) and delivered to the laboratories, where equal volumes were added to each of the four test bottles in a random manner. Only tubes with a minimum of 10 ml were included in the study. When only 10 to 12 ml of blood was received, only the aerobic bottles of each system were inoculated at the VAMC, whereas at the UMMC the blood was equally divided among all four bottles. At the UMMC, bottles were incubated for a 5-to 5.5-day period, and at the VAMC they were incubated for a 6.5-to 7-day period.
Blood culture systems tested. (i) ESP 384. The ESP system consists of one to five incubator cabinets, a separate computer, and a printer. The incubator cabinet is a free-standing floor unit composed of two equally divided sections. After sample inoculation, an ESP connector was placed on each bottle to link the bottle headspace to the instrument sensor. Bottles were loaded into the computer-assigned position after patient demographics were entered into the computer. At times, off-shift personnel placed bottles into empty positions without entering patient information into the computer. These bottles are referred to as anonymously loaded. Anonymously loaded bottles were still monitored in the usual manner and did not require removing bottles and reassigning bottle positions but did require updating of computer logs for data management.
Bottles that were signaled as positive were removed from the incubator, Gram stained, and subcultured. When a Gram stain was negative, the bottle was cooled to room temperature for 40 to 60 min and reincubated in the same instrument location after a new connector was placed onto the bottle. Bottles that gave positive signals but were negative on Gram stain and subculture were recorded as false positive. The time to detection of positives was obtained from the computer data files.
(ii) BacT/Alert. The composition and function of the BTA blood culture system have been previously described (12) . In brief, the CO2 produced by microbial growth diffuses through the membrane in the bottom of the blood culture bottle and reacts with the small amount of water in the membrane to produce a weak acid that changes the indicator pad from green to yellow. The instrument measures the differences in reflected light intensity due to this color change by means of an LED-photodiode pair. Readings are taken every 10 min.
The system is composed of one incubator-central processing unit (system unit) which can be linked to one to five additional data-incubator units. Each unit has the capacity of 240 In an analysis of the clinically significant, monomicrobic culture data by patient episodes, there was no overall statistical difference between the two systems with either the anaerobic bottles or the aerobic bottles (Table 3) . However, there were differences based on organism type. With the anaerobe bottles, ESP detected more anaerobic episodes while BTA detected more streptococcal episodes. In a comparison of the detection of positive patient episodes by system rather than by bottles, the difference in streptococcal episodes was not seen; however, the differences in the detection of anaerobic episodes remained. ESP detected more anaerobic episodes than did BTA (P < 0.05).
Comparison of times to detection. There were 208 matched sets of positive aerobic bottles and 158 matched sets of positive anaerobic bottles that were used to compare time to detection (Tables 4 and 5 ). In the aerobic bottles, the average time to detection of all organisms was 18.3 h for ESP versus 22 h for BTA (P < 0.001). In a comparison by organism group, the ESP aerobic bottle detected S. aureus and yeasts sooner (P < 0.02 and P < 0.05) and the BTA aerobic bottle detected streptococci more quickly (P < 0.05).
In the anaerobic bottle, the overall detection time was statistically faster in BTA, 24.3 h versus 30.6 h ( Table 5) . S. aureus, other gram-positive cocci, and the streptococci grew in a statistically shorter time in BTA anaerobe bottles. With the exception of the gram-positive cocci, the detection of all facultative organisms was faster in the aerobic bottles than in the anaerobic bottles (Tables 4 and 5 ). Although the ESP anaerobic bottle detected anaerobes an average of 20.3 h faster than did the BTA, there were insufficient paired positive samples to make a statistical difference.
To increase the number and spectrum of paired anaerobic organisms and to explore more fully the differences in anaerobic detection noted in Tables 2, 3 , and 5, anaerobe blood culture bottles were inoculated with outdated human blood seeded with anaerobic stock isolates from the VAMC laboratory. Table 6 shows that ESP consistently detected more organisms in a shorter period of time for most isolates tested. The average time to detection for the 10 seeded matched positive culture pairs was 21.6 h for ESP and 50.8 h for BTA (P < 0.05).
The cumulative percent time to detection for clinically significant isolates growing in the aerobic bottles was calculated to help make comparisons with similar data in previously published reports. For both systems, approximately 15% of positive cultures were detected in < 10 h, 50% were detected in < 15 h, and 63% were detected in <20 h. Ninety percent of all isolates were detected in <36 h by ESP and in <48 h by BTA. ESP detected 89% of the members of the family Enterobacteriaceae, 86% of the streptococci, 53% of the gram-positive cocci, and 39% of S. aureus in <15 h. With BTA, 86% of the Enterobacteriaceae, 92% of the streptococci, 64% of the grampositive cocci, and 32% of S. aureus were detected in .15 h. Time-motion study. The average time needed to perform the various loading and unloading tasks on the two systems did not make a practical difference. The average time to load five sets of blood cultures into the BacT/Alert was 3.3 min at the UMMC, compared with 8.4 min for the VAMC. This difference reflects the efficacy of having an interface with the laboratory computer network at the UMMC. The corresponding times for the ESP system were 6 min at the UMMC and 6.2 min at the VAMC.
For unloading of positive cultures, the average time for the ESP system was 1.6 min and the average time for the BTA system was 0.9 min. The time to unload and reload anonymous bottles was 2.4 min for ESP and 2.7 min for BTA. Unloading of the completed bottles took 2.4 min for ESP compared with 1.9 min for BTA.
The BTA system requires that each cell be quality controlled once per month against external standards of known reflectance. The average time to control a cell was 
DISCUSSION
The detection of clinical isolates from blood by the ESP and BTA systems has been shown to be comparable with a number of blood culture systems currently being used in clinical laboratories (7, 16) . This study directly compared these two systems in a clinical setting. Workers at both test sites had been using BTA for approximately 1 year prior to the start of the study and were familiar with its operation and the impact of continuous-monitoring systems on laboratory operations. The collection of blood in an SPS transport tube and subsequent inoculation of the blood culture bottles in the laboratory ensured that the blood was distributed randomly and equally between the two systems. It should be noted that the manufacturer stopped producing the 20-ml SPS Vacutainer tube just prior to the termination of our study.
Overall, ESP detected more organisms than did BTA. S. aureus and the anaerobic bacteria were the two organism groups that showed significant differences in detection rates between the two systems. ESP detected 93 of 103 S. aurelis cultures, compared with 80 of 103 (16, 17) .
According to the manufacturer, the ESP anaerobic medium is formulated to facilitate the isolation of anaerobes, and our results seem to corroborate this assumption, although anaerobes constituted only 5.4% of the clinically significant monomicrobic isolates. In clinical samples, ESP detected 94% of the anaerobes compared with a detection rate of 23.5% for BTA.
None of the BTA anaerobic bottles grew the organisms on subculture, showing that the difference between the two systems is a matter of organism growth and not a difference in instrument detection. The results obtained with seeded cultures supported the results seen with clinical samples. The significance of these results will require further studies, since Wilson et al. (16) , in a comparative study of the BTA and the BACTEC 660/730 systems, found that the BTA system detected 82% of the clinically significant anaerobic isolates. Anaerobes constituted 9.8% of the clinically significant isolates detected in the anaerobic bottles in the Wilson et al. study (16) . One possible explanation for the differences between the two studies is that the added SPS from the Vacutainer tube affected Another possible explanation for the differences in anaerobe and S. aureus detection is the difference in the dilution levels of blood. ESP bottles had a maximum of 5 ml of blood added to 80 ml of broth, but the BTA bottles had a maximum of 5 ml of blood added to 40 ml of broth. This dilution may have affected the overall recovery by diluting antibiotics and other inhibiting factors present in patient samples. This will require more study because both manufacturers claim that 10 ml of blood can be added to each aerobic and anaerobic bottle.
In a comparison by patient episode, there was no difference between the two systems except that ESP detected significantly more anaerobic episodes than did BTA. Morello et al. (7) , in a comparison of ESP with BACTEC NR660, also reported an increase in detection of anaerobic patient episodes by ESP. The Wilson et al. study of the BTA system did not report on patient episodes (16) .
There were also no appreciable differences in the time to perform common tasks such as loading and unloading various culture sets. However, the value of having an interface between the blood culture instrument and the laboratory computer for transfer of patient demographics was demonstrated by the 5.1-min difference between the two test sites for loading cultures into the BTA instrument.
One assumed advantage of continuous-monitoring systems is a more rapid detection time, and both instruments had an average detection time for matched sets of aerobic bottles of under 24 h. The 22-h detection time for BTA is similar to the average detection times experienced in the period prior to the study (19.6 h for the UMMC and 23 h for the VAMC). Both systems are faster than the 43-h average detection time for the BACTEC 460 system, which was used at the VAMC prior to the purchase of the BTA system (14) . Both systems detected over 80% of all aerobic isolates in less than 36 h. Previous studies reported that the average time to detection for the ESP aerobic bottle was 21.1 h (7) and that over 80% of the isolates were detected in 24 h or less by the BTA (2, 16) . Of particular interest is the high percentage of Enterobacteriaceae, streptococci, and other gram-positive cocci that were detected in less than 15 h.
Wakefield et al. (13) reported an increased isolation rate of 3.5% when negative BTA bottles were subcultured. However, this study confirmed the results of others (2, 15) that demonstrated that routine terminal subcultures of negative bottles are not necessary and that a 5.5-day protocol for both systems would detect 98.4% of the common clinical isolates. Newer versions of both systems now allow the laboratory to adjust the incubation time for individual cultures while keeping a standard incubation time for the other samples. Thus, one can increase incubation times for isolation of the more fastidious organisms or other special circumstances without disrupting the work flow for the majority of cultures.
After the adjustment of the computer algorithm for the ESP system, the false-positive rates were comparable for the two systems. At the UMMC there was an initial increased rate of false-positive signals with the ESP instrument when it was placed directly beneath an air vent. Rerouting of the air to other vents and adding insulation to the top of the cabinet eliminated this problem. The ESP system also has an error signal that can result from improperly seated bottles or a rapid drop in barometric pressure. The majority of improper-seating problems were seen early in the study and were corrected with staff training and experience. The pressure drop problems can be corrected with computer entries and do not require removal of the bottle. Failure to adequately vent the aerobic BTA bottles seemed to be a major source of false-positive signals seen with this system.
The computer system for BTA has more capability for extracting management data, such as average time to detection, rates of positivity, and false-positive rates. The tape backup system for BTA minimizes the use of diskettes, and BTA instruments now have larger hard-disk drives and faster microprocessors. The computer programming for ESP has been changed from the system that we evaluated to one which allows faster operator interaction and easier sorting and data retrieval. A bar code reader for faster program access has also been added to the ESP system.
The impact of fully automated, continuous-monitoring blood culture systems on the clinical laboratory has the potential of rivaling the introduction of the BACTEC instruments in the 1970s. With these instruments, a technologist's time can be dedicated to processing only the positive cultures instead of loading and unloading instruments or subculturing and observing mostly negative specimens. However, positives are detected at any time of the day or night and not just at the scheduled times that are now being used with older BACTEC instruments, Isolator, or conventional systems. This requires evaluation of both the individual institutional needs for reporting of positive results and the effect that these instruments may have on laboratory staffing. At both test sites, there has been a positive impact on work flow and more rapid detection and reporting of positive blood cultures to the clinical staff since the introduction of these instruments. How this impacts patient care has yet to be determined.
